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(£) Dynamic braking centrifuge. 

@ A centrifuge for separating constituents of fluids, 
diluting the constituents and inoculating a reagent 
includes a spinning assembly for spinning a proces- 
sor nnennber. The processor member includes fluid 
and diluent compartments, separation chambers for 
a fluid and for a diluent a mixing chamber, and a 
reagent chamber. The fluid compartment Is in com- 
munication with the fluid separation chamber by a 
irst passage. The diluent compartment and diluent 
separation chamber are communicated by a second 
passage. The first and second passages are oriented 
such that centrifugal force moves the fluid and 
diluent through ttie first and second passages into 
the respective chambers. The chambers are aligned 
to prevent outflow urder the influence of centrifugal 
2* force but to altow outflow into measuring passages 
^ upon braking the spinning of the processor member. 
^Spinning the processor member after brakjfMJ gen- 
''J grates a centrifugal force moving the fluid ana 
diluent through the measuring passages into a mix- 
^Ing chamtier. Braldng the spinning of the processor 
2imemb r again applies a braldng force on the mixed 
fluid and diluent moving this mixture into the reagent 
^chamber. 
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BACKGROUND OF THE INVENTION 



A. Field of the Invention 

roe present invention relates to devices for 
separating constituents from fluids, performing a 
dilution, and inoculating a reagent and, more par- 
ticularly. Hie present invention relates to a cen- 
trifuge capable of spinning and stooping rapidly 
ttie aid of aynamic braking and a processing 
member mountable on the centrifuge for perform- 
ing the separating, diluting and inoculating func- 
tions; and to a new arxj improved metrtod of sepa- 
rating constituents from a fluid, performing a dilu- 
tion, and inoculating a reagertt. 



a. Deacriptfon of the Baokground Art 

Chemical tests for analyzing fluids such as 
whole blood often apply centrtfugal force to f.uid 
contained in a processor card to separate constitu- 
ents, such as plasma, from *ie fluid, mix the con- 
stituents with a diluent and combine the diluted 
sample ivith reagent Each of the functions 
(separating, diluting and combining 'Mtf\ reagent) 
must be performea sequentiaily, and this requires 
moving the fluid and diluent to a location, perform- 
ing a function, and moving the ftuid to a different 
location to perform the next function. Examples of 
devices for performing these tests are provided in 
Unitec States Patent Nos. 4,690,399; 3,899,296; 
4,456.581: 4,567,600; and 4,515,888. 

One procedure to move fluid through a proces- 
sor card to perform the different functione is to 
change the position of the processor card on a 
centrfuge reiative to the central axia of rotation. By 
changing the position of a processor card, different 
portions of the processor card are aligned vvith the 
radial centrifugal force vectors, thus moving the 
fluid in different directions. 

Another procedure for separating, diluting and 
mixing a fluid and inoculating a reagent pad is 
descnbed in European Patent Application No. 35 
105 108.0, filed April 26, 198S. This procedure 
employs a centrifuge with an assembly for rotating 
a processor card on the centrifuge. Rotating th 
proc ssor card aligns different portions of th pro- 
cessor card with the centrifugal force vector. By 
rotating th position of a processor card on a 
centrifuge the centrtfugal force acts on the fluid and 
diluent in the processor card to move th fluid and 



diluent in different directions within Sie processor 
card. Centrifugal force acting in a nrst direction, for 
example, will move the fluid and diluent to a first 
position. While the fluid and diluent are in the first 

s position, a testing procedure can be performed. 
Once the testing procedure is completed, the di- 
rection of centrifugal force can be charged by 
turning the processor card. The centrifugal force 
will move the fluid and diluent to a second position 

10 tor a second test 

The devices that move a processor card or 
charge the alrectlon of centntugal force are expen- 
sive since they require complex moveable struc- 
tures. More frequent servicing of these devices is 

:s also required due to the more complex structures. 
It IS desirable to provide a system capable of 
moving fluids and diluents between different testing 
locations within a processor card without the ne- 
cessity of additional staicture being added to the 

20 centrifuge for maneuvering the card. 

SUMMARY OP THE INVENTION 

26 

An object of the present invention is to provide 
a new and Improved device for separating constrtu- 
ents of a fluid, performing a dilution, and inoculat- ■ 
ing a reagent. 

30 Another object of the present invention is to 
provide a new and improved method tor separating 
constituents of a fluid, performing a dilution, and 
inoculating a reagent. 

A further object of the present invention is to 

35 provide a new and Improved device for separating 
plasma from whole blood, performing a dilution 
using centrifugal force, and Inocuiadng a reagent 
pad using dynamic braking. 

A still further object of the present invention is 

40 to provide a new and improved method for separat- 
ing plasma from v»fiole blood, performing a dilution 
using centrtfugal force, and Inoculating a reagent 
pad using dynamic braking. 

Briefly, the present invention is directed to a 

4S new and Improved centrifuge and processor card 
which use centrifugal force and dynamic braking to 
separate constituents of a fluid, perform a dilution 
and inoculat a reag nt pad area, and to a new and 
improved m thod for performing th se steps. In 

50 accordanc with the principles of the present in- 
vention, a c ntrlfuge is provided for rotating a rotat- 
ing m mber or processor card about an axis of 
rotation. The procsssor card or rotating member 
Includ s separat compartments for the fluid to Ise 
tested, a diluent and a reagent Th compartments 
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communicatB through passages with separate sep- 
aration chambers. T^e5e passages are aligned rel- 
ative to the axis of rotation such that the centnfugal 
force acts on the fluid and diluent to move them 
through tfe passages. The separation chambers 
an oriented to collect the luid and diluent and 
prevent further movement through the processor 
card under the inflLence of centrifugal force. 

Each separation chamber includes an outlet in 
communicatjon with measuring capillaries. To 
move the fluid and ailuent to the next stage of 
testing, the rotation of the processor card is stop- 
ped suddenly. The resulting braking force moves 
the fluid and diluent into the measuring capillaries. 
The processor card is again spun, and the centri- 
fugal force moves the fluid and diluent in the mea- 
suring capillaries into a mixirg chamber. During 
continued spinning cf the processor card, the fluid 
and diluent remain in the mixing chamber and are 
mixed oy varying the rotational speed. After the 
fluid and diluent are completely mixed, the rotation 
is again stopped sudderly and the braking force 
moves the diluted ftuid out of the mixing chamber 
and onto a reagent pad. 

BHIEF DESCRIPTION OP THE DRAWING 

Other and further obiects, advantages and fea- 
tures of the present invention will be apparent to 
those sl<illed in the art from the following detailed 
description taken in conjunction with the accom- 
panying drawing in which: 

FIG. 1 is a schematic illustration of proces- 
sor card constructed in accordance with the princi- 
ples of the present invention. 



DESCRIPTION OF THE PREFERRgP CMBOOI- 

Analytical chemical testing techniques, irclud- 
ir.g testing to determine blood chemistries, im- 
munological testing for analyzing fluids, particularly 
body fluide, as am a number of other liquid 
analytical chemical techniques, typically apply cen- 
trifugal force en a processor cart such as the 
rotating member or processor cart gererally des- 
ignated by the reference numeral 10. The proces- 
sor card 10 can b used in most tests JUid 'or 
testing many different fluids. For the purposes of 
the present d scnption, the processor card 10 will 
be described for the t sting o1 whole blood. 

Prior to lestlng, a sample of whole blood is 
introduced into a wnola blood compartment 12, and 



a diluent is introduced into a diluent compartment 
14. To commence the testing procedure, the pro- 
cessor card 10 is mounted on a centrifuge (not 
shown) ana rotated counterclockwise about an axis 
5 of rotation 1 8. 

The whole blood compartment 12 communi- 
cates with a whole blood separation chamber 18 
through a passage 20 and an inlet 2i in the whole 
blood separation chamber 18. Similarly, the diluent 
10 compartment 14 communicates with a diluent hold- 
ing chamber 22 through a passage 24 and an miet 
25 in the diluent holding chamtDer 22. The whole 
blood compartment i2, the passage 20, the whole 
blood separation chamber 18, the dlluer.t compart- 
IS ment 14, tfie passage 24 and the diluent holding 
chamber 22 are each aligned relative to the axis of 
rotation 18 such that centrifugal force moves the 
whole blood and diluent thrcugh the Dassages 20 
and 24, respectively, and into the whole blood 
20 separation chamber 18 and the diluent holding 
chamber 22, respectively. 

The whole blood separation chamber 18 and 
an outiet 28 in the whole blood separation chamber 
18 are oriented relath/e to the axis of rotation 18 
25 and the inlet 21 to prevent How of whole blood out 
of whole blood separation chamber ia under the 
influence of centrifugal force. The diluent holding 
chamber 22 and an cutlet 28 In the diluent holding 
chamber 22 are also oriented relative to the axis of 
30 rotation 16 and the inlet 25 to prevent the flow of 
diluent out of the diluent holding chamber 22 under 
the influence of centrifugal force. 

While the whole blood is in the blood separa- 
tion chamtjer 18, the processor cart 10 is cen- 
3S trifugea by rotating about axis 16 to aiiow separa- 
tion of the solid and liquid constituents of the whole 
blooa. Once separation is completed, tt'.e rotation 
of the processor card 10 is stopped quickly. The 
braking fores developed by the quick deceleration 
40 forces the diluent to move toward the axis cf rota- 
tion 1 8 and through the outlet 28 into a measunng 
capillary 30. Simultaneously, the separated liquid 
constituert Is forced through outlet 28 into a mea- 
suring capillary 32. Since most fluid chemistry 
43 tests require precisely measured samples, the 
-neasuring capillaries 30 and 32 are adapted to 
-eceive a measured quantties of ftuid. 

Once diluent has been moved into measuring 
capillary 30 and liquid constituent into measunng 
30 capillary 32. the centrifuge is energized to rotate or 
spin the processor card lO, The resultant cantri- 
Hjgal force moves the m asured diluent and liquid 
constituent out oi the capillah s 30 and 32, respec- 
tively, and Into a mixing chamber 34. Th mixing 
53 chamber 34 includes an outlet 38 oriented r latv 
to the axis of rotation 16 to prevent exit of the 
diluent or liquid constituent tnraugh outi t 36 under 
the influ nee of centrifugal force. Once diluent and 
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liquid constituent are in the mixing chamber 34, the 
speed of rotation car be varied to swrl the fluids in 
the mixing chamber 34. thereby thoroughly mixing 
the diluent and liquid constituent. 

Once the ciluent and liquid constituent have 
beer mixed, the centrifuge is stopped quickiy. The 
resulting bralcing force forces the mixed fluid 
through the outlet 36, into a reagent chamber 38 
and onto a reagent pad 40. Chemical testing can 
be performed by measuring the reaction in tha 
reagent pad 40. 

Since the rrwtlon of the fluid arxl licuid con- 
stituent is toward the axis of rotation 18 Ahen 
bral<ing force is applied and away from the axis of 
rotation 'S when centrifugal force is applied, one 
arrangement of the compartments, passages and 
ctiatnbers in the processor card 10 is that each 
successive station is farther from the axis of rota- 
tion 16 than the prior station. In addition, the inlet 
to each station is farther from the axis of rotation 
than the outlet 

The processor card 10, by using centrifugal 
force and braking force, is able to perform chemi- 
cal testing. The processor card 10 differs from the 
prior art, fiowever, in that the need for adaitional 
mechanical structure on ttie centrifuge to vary the 
direction of centrifugal force acting on the card 10 
is not required, tvloreover. the spinning and braking 
sequence of the centrifuge and processor card 10 
can be performed manually or the sequence can 
be automated. 

The resulting dynamic braking centrifugal of 
the present invention provides more reliable trans- 
fer of "uids and mixing of fluids than prior art 
devices which have relied uqon capillary action 
alone for such functions. 

Many modifications and variations of the 
present invention are possible in light of the above 
teact'iings. Thus, it is to be understood that within 
the scope of the apperxjed claims, the invention 
can be practiced other than as specifically de- 
scribed in the above description. It will be under- 
stood that the size and shape of the compartments, 
passageways and chambers can be vaned. in addi- 
tion, other compartments, passageways ana cham- 
bers car be added to ttie system for more com- 
plicated dilutiora and reaction procedures. 



Claims 

■ 1. An assembly for separaling and d livering 
fluids, comprising: 
a rotating member; and 

means for rotating said rotating member, said rotat- 
ing m ans including an axis of rotation, said rotat- 
ing member being mounted for rotation about said 
axis of rotation; 



said rotating member Including at least one com- 
partment for containment of a fluia, at least one 
separation chamber, said separation chamoer m 
communication with said compartment by a first 

s passage, said first passage being in a preselected 
alignment relative to said axis of rotation to allow 
movement of said fluid along said first passage 
from said compartmert to said separation chamber 
under the influence of centrifugal force, at least one 

10 measuring passage in communication with said 
separation chamber, said measuring passage 
aligned relative to said axis of rotation to prevent 
flow therethrough under the influence cf centrifugal 
force and to allow flow into said measuring pas- 

ts sage under the influence of a braking force. 

2. The assembly for separating and delivering 
fluids ciaimea in claim l further comprising a mix- 
ing chamber and an inlet in said miwng chamber in 
communication with said measurng passage, said 

20 inlet in said mixing chamber located in said rotating 
member at a distance farther from said axis of 
rotation than said measuring passage, whereby 
said fluid flows into said mixing chamber from said 
measuring passage upon rotating said rotating 

29 member. 

3. The assembly for separating and delivering 
fluids claimed in claim 2 further comprising a 
reagent chamber and an inlet in said reagent 
chamber, said inlet in communication with said 

JO mixing chamber, said inlet positioned closer to said 
axis of rotation than said mixing chamber. 

4. The assembly for separating and delivering 
fluids claimed in claim 2 further comprising a sec- 
ond compartment in said rotating member for con- 
as tainment of a second fluid, a second chamber in 

communication with said second compartment by a 
second passage, said second passage aligned rel- 
ative to said axis of rotation to allow movement of 
said second 'luid along said second passage from 

40 said second compartment to said second chamber, 
and a second measuring passage in communica- 
tion with said second chamber through an outlet, 
said outlet being closer to said axis of rotation than 
the remainder of said second chamber, said sec- 

<8 and measunng passage being in communication 
with the mixing chamber. 

5. An assembly for separatng. diluting and 
delivering fluids, comprising: 

a rotating member: and 
so means for rotating said rotating member, said rotat- 
ing means including an axis of rotaton, said rotat- 
ing member mounted on said axis of rotation for 
rotation thereby: 

said rotating member including passage means 
66 oriented reiative to said axis of rotation to pr vent 
flow therethrough und r the influ nee of centrifugal 
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force and to allow flow of fluid under the influence 
of the force devaioped by braking ttie rotaton of 
said rotating member. 

8. The assembly for separating, diluting and 
delivering fluids Claimed in claim 5, wlierein said 
passage means irxiludea an inlet and an outlet 
said inlet positicned closer to said axis of relation 
than said cutlet. 

7. The assembly for separating, diluting and 
delivering fluids claimed in claim 5 further compris- 
ing a first chamber and a second chamber, said 
passage means including an inlet in said firs* 
chamber and an outlet in said second chamber, 
said inlet being closer to said axis of rotation than 
the remaincer of said first chamber and said outlet 
being closer to said axis of rotation than the re- 
mainder of said second chamber. 

8. An assembly emoloying dynamic braking for 
separating, diluting and delivering fluids, comprig- 
ng: 

a processor member 'otatably mounted on a rotat- 
ing member, said rotating member including an 
axis of rotation about which said processor mem- 
ber rotates; said processor member including a 
fluid compartment, a separation chamber, a mixing 
chamber, and a reagent, passage means for inter- 
connecting said fluid compartment and said 
reagent through said separation chamber and said 
mixing chamber, said passage means orierted rel- 
ative to said axis of rotation to allow fiow of fluid - 
through said separation chamber and said mixing 
chamber to contact said reagent in response to 
cenififugai and braking forces developed by a ss- 
Quence of alternately rotating and dynamically 
braking said processor memDer. 

9. A method for employing dynamic braKing to 
separate, dilute and deliver fluids, the steps com- 
prising: 

filling a compartment m a processor member with a 
selected fluid; 

spinning said processor member atxjut an axis of 
rotaton to develop centrifugai force acting in a 
selected direction to move said fluid through a first 
passage to a separation chamber In said processor 
member; 

preventing further flow of said fluid under the influ- 
ence of said c»ntrttugai force; and 
bralcng the spinning of said processor member to 
develop a braiang force acting in a direction to 
move said fluid out of said separation chamber into 
a measuring capillary. 

10. A d vie for separate components of a 
fluid, perform a dilution and 'noculate a reagent, 
comprising: 

a spinning assembly; 
a processor member: 

means for coupling said processor member to seua 
spinning assembly; 



a first fluid compartment m said processor mem- 
ber; 

a -eagent chamber in said processor member; and 
qassage means for interconnecting said first fluid 

5 compartment with said reagent chamber, said pas- 
sage means including at least one passage aligned 
with the direction of a centnfugal force vector de- 
veloped aurir»g spinning of said processor member 
whereby said fluid is moved through said one pas- 

10 sage under the influence of centrifugal force, and at 
least one capillary passage aligned relatve to said 
centrifugal force vector to prevent How of said fluid 
from said one passage through said capillary pas- 
sage under the influence of centrifugal force and to 

16 allow flow of said fluid through or nto said capillary 
passage under the influence of a Dral<ing force 
developed upon brsOting the spinning of said pro- 
cessor member. 

20 
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FIG. I 
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@ Dynamic braking centrifuge. 

(g) A centrifuge for separating constituents of fluids, 
diluting the constituents and inoculating a reagent 
includes a spinning assembly for spinning a proces- 
sor member. The processor member includes fluid 
and diluent compartments (12.14). separation cham- 
bers <ia, 22) for a fluid and for a diluent, a mixing 
chamber <34.), and a reagent chamber (38). The fluid 
compartment is in communication with the fluid sep- 
aration chamber by a first passage. The dttuent 
compartment and diluent separation chamber are 
communicated by a second passage. The first and 
second passages are oriented such that centrifugal 
force moves the fluki and diluent through the first 
and second passages into the respective chambers. 
The chambers are aligned to prevent outflow under 
POthe influence of centrifugal force but to allow outflow 
^into measuring passages upon braking the spinning 
fvof the processor member. Spinning the processor 
Ifl member after braking generates a centrifugal force 
*0 moving ttie fluid and diluent through the measuring 
passages into a mixing chamber. Braking the spin- 
CJnirg of the processor m mber again appli s a brak- 
ing force on the mixed fluid and diluent moving this 
O mixture into the r agent chamber. 

Q. 
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